The IPCC (Intergovernmental Panel on Climate Change) assessment reports confirm that climate change will hit developing countries the hardest. Adaption is on the agenda of many countries around the world. However, before devising adaption strategies, it is crucial to assess and understand the impacts of climate change at regional and local scales. In this study, the impact of climate change on rain-fed maize (Zea mays) production in the Wami-Ruvu basin of Tanzania was evaluated using the Decision Support System for Agro-technological Transfer. The model was fed with daily minimum and maximum temperatures, rainfall and solar radiation for current climate conditions as well as future climate projections (2010-2099) for two Representative Concentration Pathways: RCP 4.5 and RCP 8.5. These data were derived from three high-resolution regional climate models, used in the Coordinated Regional Climate Downscaling Experiment program. Results showed that due to climate change future maize yields over the Wami-Ruvu basin will slightly increase relative to the baseline during the current century under RCP 4.5 and RCP 8.5. However, maize yields will decline in the mid and end centuries. The spatial distribution showed that high decline in maize yields are projected over lower altitude regions due to projected increase in temperatures in those areas.
INTRODUCTION
projected that between 75 and 250 million people in Africa will be exposed to increased water stress due to climate change by 2020. In some countries, yields from rain-fed agriculture are projected to decline by 50%. Agricultural production, including food, in many African countries will be severely compromised (IPCC ). This would further adversely affect food security and exacerbate malnutrition.
African countries need to prioritize the formulation of adaptation strategies and mitigation policy in order to prevent the destructive impacts of future climate change on agriculture (Rowhani et al. ) . Tanzania will need to seriously consider its adaptation strategies, since agriculture is one the largest sectors of its economy (Ahmed et al. ) .
It is essential to ensure that there are adequate and credible adaptation strategies in this sector. However, in order to begin determining adaptation strategies for the agriculture sector, it is necessary to have credible assessment of climate change impacts on crop production to produce evidence to guide the formulation of adaptation policy. The limitations of direct use of GCM outputs for decision-making at regional and sub-regional scales or in impact studies call into question the many prior assessments of climate change impact on crop productions based on GCMs. Furthermore, adaptation strategies and mitigation policy developed using GCM simulations are not realistic and might pose significant challenges for anticipatory adaptation in many countries.
In this study, we assess both the impact of climate change on maize (Zea mays) production over the WamiRuvu basin of Tanzania using high resolution climate data from regional climate models (RCMs) and the uncertainties associated with the assessment from individual RCMs and driving GCMs. The main aim is to update the results from previous studies that were based on coarse resolution climate data from the GCMs. Maize is the most important cereal crop for financial value and food security in Tanzania (Rowhani et al. ; Washington & Pearce ) , and therefore deserves special attention in studies of how future climate will affect its production. The Wami-Ruvu basin of Tanzania was chosen because the basin contains many agriculture projects that aim to develop southern Tanzania, into a major regional food producer and engine of national economic development (Milder et al. ) . Moreover, to the best knowledge of authors, there is no climate change impact study addressing the knowledge problem in rain-fed areas that have used high resolution climate information. Chamwino. These types of soils make good agricultural land and are used intensively for agriculture production. 
DATA AND METHODOLOGY

Data
Data from RCM simulations
This study makes use of high resolution climate simulation from the Coordinated Regional Climate Downscaling Experiment program regional climate models (CORDEX_RCMs).
The CORDEX program is archiving outputs from a set of RCM simulations over different regions in the world. Figure 4 indicates the CORDEX domain for model integrations. Data sets from CORDEX Africa are accessed from http://cordexesg. (2) FIELD OVERLAY containing information about soil organic carbon, soil water and nitrogen contents, types of cultivars (in this study SITUKA maize was used due to its drought tolerance and use by many farmers in the study area); (3) SEASONAL STRATEGIES containing information about the span of the year for which simulation is carried out, concentration of atmospheric carbon dioxide, automatic planting date and windows. In this study, the planting date was set to start automatically within the planting window 
Model calibration and validation
The Crop-Environment-Resource-Synthesis ( 
RESULTS
The impact of climate change on maize production in the Wami-Ruvu basin of Tanzania was assessed using a dynamic crop growth model CERES-maize embedded within DSSAT version 4.5. The model was run under fixed atmospheric carbon dioxide concentration (360 ppm). This was to limit simulation of other crop processes such as photosynthesis that can affect yields. The change in maize yields simulated here are due to change in climate variables which are derived from the climate models during the present, mid and end centuries under RCP 4.5 and RCP 8.5 scenarios.
The climate projections from the RCMs driven by GCMs are used to drive the CERES maize model. It is important to note that all presented results are for the main growing season in the study area, i.e. from December to early June (Table 3) .
Temporal averaged maize yields for the baseline period The temporal averaged maize yields over Wami-Ruvu basin RACMO22T and HIRHAM5 respectively. This variation is mainly due to differences in RACMO22T and HIRHAM5
formulation.
CERES simulates maize yields differently when forced by the same RCM driven by different GCMs. It simulates maize yields of 1,126 kg/ha, 1,212 kg/ha and 951 kg/ha when forced with RCA4 driven by ICHEC, MPI and CNRM, respectively. These variations mainly come from differences in formulation of the driving GCMs. Therefore simulation of maize yields using climate data from individual RCM-GCM sets have large uncertainties that come from both RCM and driving GCM.
To account for uncertainties that arise from RCM and driving GCM, the ensemble averages of five climate model members were constructed and used to force CERES. Table 9 shows maize yields simulated by CERES forced with the ensemble averages. These maize yields differ greatly from that of individual models. This is an indication of large uncertainties involved in climate change impact studies particularly for the agriculture sector. However, results from the Table 5 shows that maximum decrease in maize yields is projected during the end century under RCP 8.5
with a decrease of 6.7%, whereas the minimum decrease in maize yield is projected during the present century is projected to increase in many areas of the basin but maize is projected to decrease. This is due to the fact that the entire basin is projected to warm in present, mid and end centuries. This warming will reduce the length of the growing season which in turn will reduce maize yields. This is observed under both RCP 4.5 and RCP 8.5. Thus, regardless of projected increased rainfall that seems to benefit agriculture production, the need arises to undertake more studies that address how to adapt to future increase in TX and TN.
DISCUSSION
In this paper, high resolution climate change information GCMs were statistically downscaled using the delta method.
The downscaled GCM data were used to force CERES to simulate maize yields in the present and future centuries under RCP 4.5 and RCP 8.5. They found that maize yields over the basin will decrease by 5 to 40% due to projected increase in temperature. Statistical downscaling may improve the coarse scale of the GCMs but depends on the choices of 
CONCLUSIONS
In the present study, the assessment of the impacts of climate change on maize production over the Wami-Ruvu region was carried out using high resolution RCMs. The
RCMs used are those driven by boundary condition from Rainfall is projected to increase in most areas during present, mid and end centuries under RCP 4.5 and RCP 8.5.
However maize yields are projected to be impacted more by increased temperature than increased rainfall. The increase in temperature shortens the length of the growing season and so contributes to the projected decrease in maize yields. However, in some cases a slight increase in maize yield is projected due to slight increase in rainfall.
The assumption made during maize simulation was that all agronomical and management practices were constant.
We recommend more research geared towards minimizing the uncertainties and necessary for designing effective and adequate adaptation strategies that will enhance and sustain crop production in the context of the projected climate change over the Wami-Ruvu basin.
